Introduction
Endometrial cancer arises from the endometrium and is the most prevalent gynecological malignancy and the fourth most common cancer in women in the USA. 1 It is caused by cascading molecular mutations, and its incidence is steadily increasing. 2, 3 There will be approximately 61,380 new endometrial cancer cases and 10,920 deaths in the USA in 2017. 1 Generally, standard treatment is composed of surgery, radiotherapy, and chemotherapy based on histology. Surgery is the cornerstone of treatment and is typically advocated in the low-risk endometrial cancer disease. 4 In the early stage, external radiation therapy is considered as the optimal adjuvant treatment. 5 Though radiation therapy seems to reduce the incidence of locoregional recurrence, it is still questionable in preventing metastatic tumor formation. 6 Systemic chemotherapies are used in advanced or recurrent endometrial cancer. 7, 8 Paclitaxel has been reported to be the most active single agent in advanced or recurrent endometrial cancer, leading to a median overall survival (OS) ranging from 9.5 to 10.3 months. [8] [9] [10] In recent years, tumor immune therapy has become an important part of cancer treatment, and cytokine-induced killer (CIK) cell-based treatments play an important role in tumor immune therapy.
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CIKs are a group of heterogeneous cells stimulated by multiple cytokines with antitumor activity, and its lytic activity is primarily due to the CD3 and CD56 double-positive T lymphocytes. 12 CIK cells with non-major histocompatibility complex recognize target cells without depending on T-cell receptors. 13 CIK cells can rapidly proliferate in vivo with strong antitumor activity and improve clinical outcomes in several solid cancers with minor adverse reactions. 12, 14 Increasing studies have shown that CIK immunotherapy could provide encouraging positive clinical outcomes in cancer treatment, including in lung and renal cancers and malignancies of hematological system. [15] [16] [17] However, the efficacy and safety of CIK cells immunotherapy in endometrial cancer are still unknown. Here, we report a case of endometrial cancer in a patient who received the combination CIK immunotherapy and chemotherapy, and thus provide insights into the clinical application in endometrial cancer.
Case report
A 74-year-old woman was admitted to our hospital with endometrial cancer in October, 2011. The patient was diagnosed with endometrioid carcinoma by histopathology at the Henan Province People's Hospital in March 2008. Then, the patient was treated with total abdominal hysterectomy with bilateral salpingo-oophorectomy and was diagnosed with stage IIIa cancer according to International Federation of Gynecology and Obstetrics staging (1988 version). Following surgery, the patient received six cycles of chemotherapy (paclitaxel + oxaliplatin). Between October 20, 2011, and December 12, 2011, the patient received pelvic radiotherapy and brachytherapy at the Henan Cancer Hospital, owing to disease recurrence. However, liver and pelvic metastases were detected by magnetic resonance imaging (MRI) ( Figure 1 ) on June 13, 2012, and the Karnofsky Performance Status score of the patient was 60. The patient was in the high-risk stage with refractory and relapsed disease, and despite previous treatment with surgery, chemotherapy, and radiotherapy, the outcome was unsatisfactory. Therefore, CIK immunotherapy was considered. Written informed consent has been provided by the patient's son to have the case details and any accompanying images published.
Peripheral mononuclear cells were collected from 50 mL of the patient's blood and cultured in GT-T551 medium (Cat #KB551/KB551S, Takara, Tokyo, Japan) containing anti-CD3 antibody (1:300 dilutions, mouse-anti-human monoclonal IgG2a, sc-19590, Santa Cruz Biotechnology, Inc, Dallas, TX, USA), recombinant human interleukin-1α (IL-1α, 1,000 U/mL), and interferon-γ (IFN-γ, 1,000 U/mL) at 37°C with 5% CO 2 for 24 hours. Then, recombinant human IL-2 (rhIL-2, 1,000 U/mL) was added to the medium. The medium was replaced with fresh IL-2-and IFN-γ-containing medium every 5 days. At day 10, CIK cells were harvested and analyzed for phenotype. All products were free of mycoplasma, bacterial, and fungal contamination. + , CD3 + /CD8 + , and CD25 + cells were significantly increased after stimulation and expansion in culture, which is crucial to tumor immunity. The cytotoxicity of CIK cells was detected in vitro. At an effector-to-target cell (K562 cell) ratio of 40:1, 20:1, and 10:1, the median level of cytotoxicity 
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Immunotherapy in endometrial cancer treatment was 42% (range, 36%-48%), 52% (range, 48%-58%), and 35% (range, 28%-40%), respectively, which demonstrated that CIK cells generated from peripheral mononuclear cells had strong antitumor activity. The total numbers of CIK cells from one cycle were about 5×10 (Figure 2 ). According to the RECIST 1.1 criteria, 18 the patient obtained complete response. Her physical strength and appetite increased, and her sleep quality improved. Importantly, the OS time reached 13.6 months.
Discussion
CIK cells are a group of heterogeneous cells with antitumor activity and are stimulated by multiple cytokines. 12 During the past two decades, CIK immunotherapy has been confirmed to be effective and safe in several types of cancers without notable toxic and/or adverse reactions. [19] [20] [21] CIK cells have a similar tumor-killing effect as natural killer cells, and a strong antitumor activity similar to T lymphocytes, without the restriction of major histocompatibility complexes. 22 CIK cells could effectively destroy malignant cells by direct disintegration and induce apoptosis in malignant cells by secreting different types of cytokines. [23] [24] [25] In addition, these cells could also eradicate the remaining drug-resistant malignant cells. 26 NKG2D, a receptor molecule, strongly expressed on the membrane of CIK cells, is considered the main mediator of antitumor activity. 27 It is a member of the c-type lectin activating receptor family, and its functional activity could be upregulated by the IL-2 in the culture medium. 28 Initially, CIK cells were reported to effectively kill lymphoma and leukemia. 12 Then, the antitumor activity of CIK cells was also confirmed against several types of solid tumors, including lung cancer, renal cancer, ovarian cancer, and pancreatic cancer. 15, 16, 29, 30 In the treatment of hepatocellular carcinoma, CIK immunotherapy has been explored primarily as adjuvant therapy following surgical resection, and systemic infusion of CIK cells could significantly improve the patients' disease-free survival. 31 CIK immunotherapy has been used in advanced lung cancer as an alternative therapeutic strategy to improve disease control rates, either alone or in combination with chemotherapy. 32 Similar benefits were reported in gastric cancer. 33 However, the application of CIK immunotherapy in the treatment of endometrial cancer has not yet been reported, and hence the efficacy and safety are still unknown. Here, we reported a case of endometrial cancer in a patient who received a combination of CIK immunotherapy and chemotherapy. After 4 cycles of CIK immunotherapy plus chemotherapy, the patient's physical strength, appetite, and sleep quality improved greatly; liver and pelvic metastases regressed significantly; and the patient obtained complete response, with an OS of 13.6 months.
Conclusion
The combination of CIK therapy with chemotherapy improved the clinical outcome without notable side effects in our patient who failed surgery, radiotherapy, and chemotherapy. This indicates that CIK therapy may be a potential candidate for treatment of endometrial cancer. However, further studies are necessary to verify these findings.
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